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(54) Title: METHOD OF PRODUCING A CLEAN GAS FROM A HYDROCARBON 



(57) Abstract 

In a method of producing a clean gas from hydrocar- 
bons, hot air and steam are mixed in a reaction zone with 
carbonaceous residue, whereby carbon reacts with oxygen 
to form CO2 and CO under heat release. Hydrocarbon 
is added to release moisture and volatile and to have re- 
acted volatile and carbon to CO and H 2 . the sulfur of the 
hydrocarbon being mainly converted into H2S. A sulfur 
sorbent is added and is converted into CaO, which CaO 
reacts with H 2 S and COS to solid CaS. At the exit of the 
reaction carbonaceous residue is separated from the fluid 
and returned to the reaction zone. The gas is fed into a 
I gas cooler, in which it is cooled by cold solids. The solids 
consist on one hand of ash being cooled with the air prior 
to the air entering into the reaction zone and on the other 
hand of ash and carbonaceous residue filtered out of the 
reduced gas downstream the gas cooler. The latter solids 
are size-enlarged prior to their entering the gas cooler. 
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Method of producing a clean gas from a hydrocarbon 



Field of the invention 

The invention relates to a method of producing a clean gas in a reaction zone by 
mixing hot air and steam with carbonaceous residue, adding hydrocarbon to re- 
lease moisture and volatile and to have reacted volatile and carbon to CO and 
H 2 . 

Discussion of Background 

The production of fuel gas from hydrocarbon like coal is operated at the present 
time by injecting cold reactants and/or steam into a gasifier and transferring a 
major portion of the sensible heat in the gasification products to a water/steam 
mixture. This is necessary to enable reliable operation of downstream gas 
cleaning equipment. Consequently the conversion of coal to the product gas in 
terms of the energy content is not maximized. 



Summary of the invention 

Accordingly, one object of the invention is to provide a novel method and plant 
which maximizes the production of clean "reduced" gas from the feed hydrocar- 
bon with minimal transfer of heat out of the involved system. 

This is achieved, according to the invention, by means of the features of patent 
claims 1 and 10. 
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The advantages of the invention are to be seen, inter alia, in a considerable 
reduction of the plant and operating costs, due to a very high calorific value con- 
version and in the elimination of indirect contact heat exchangers. 

Brief description of the invention 

A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better under- 
stood by reference to the following detailed description when considered in con- 
nection with the accompanying drawing, which illustrates diagrammatically an 
exemplary embodiment of the invention with coal as hydrocarbon. Only the ele- 
ments essential for understanding the invention are shown. Arrows illustrate the 
flow direction of the working media. 



Description of the preferred embodiment 

Referring now to the drawing, the equipment necessary for performing the gas 
production consists mainly of three blocks, namely a gasifying device 3, a 
gas/solid heat exchanger 4 and an combined ash cooler/oxidizer 1,2. 

Via a fan 16 ambient air is introduced in the ash cooler 1. In order to increase 
the amount of oxygen atoms and in the same time reduce the amount of air, 
water is also introduced into the cooler at its cold end via water supply 10. This 
water is evaporated in the air stream during its travel through the cooling device. 
This device may be a gas/solid heat exchanger of the grid type or of the fluid bed 
type. The air is heated up to about 500-900°C. The lower value is chosen, if it is 
intended to have a catalytic reaction further downstream. The solids entering the 
cooler 1 at its hot side consist mainly of inert ash, carbon and of CaS and CaO. 
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They have an inlet temperature of about 600°C and leave the cooler with a tem- 
perature of about 100°C. The size of the solids is at least approximately 500 urn 
which avoids particles being entrained with the air leaving the cooler at its hot 
end. By entering the apparatus 1, in an oxidizing sector 2 the unburned carbon 
and CaS particles are first oxidized by the hot air/steam mixture into C0 2 and 
CaS0 4 . Other components of the hot material, i.e. unoxidized gases like CO, 
H 2 S and COS as well as sulphided sorbents like CaS and FeS are also oxidized 
in this area. It might be that the unburned carbon and CaS particles are also oxi- 
dized by the hot air/steam mixture into CaO and S0 2 . In order to avoid that 
significant amount of S0 2 penetrates in the following reactor, it is appropriate to 
arrange the heat exchanger surfaces and to have the air/steam mixture 
circulated in the sector 2 so as to obtain as a last process in the oxidizer always 
mainly CaSO.. 

From this oxidizing area 2, which is the hot side of the ash cooler 1 . the 
air/steam mixture enters a reactor 3 via a hot air supply 21. Depending on the 
apparatus type, the mixture can be introduced into the reactor on different levels. 
In the example shown on the drawing, in which the reactor is an upright gasifier 
with a flow stream from bottom to top. the mixture is introduced at the bottom. 
The reactor is provided with two other inlets. One carbonaceous residue supply 
line 20 and one common inlet for coal 7 and sulfur sorbent 8. 

In the present example the carbonaceous residue is char which is partially gasi- 
fied coal. It enters the reactor 3 with a temperature of about 700°C. It reacts with 
the oxygen of the air/steam mixture to form COs/CO and releases heat. 

Downstream of the char inlet, the coal to be gasified is introduced into the reac- 
tor 3. This coal can be either crushed or pulverized. Like the air, coal may be 
injected on different levels of the reactor. The same inlet is preferably used to 
introduce sulfur sorbent, which can be pulverized limestone or dolomite. Coal 
and sorbent may be transported by any suitable means, i.e. by steam; in a pre- 



WO 00/06672 ^ PCT/CH99/00313 

4 

ferred embodiment, the produced reduced gas itself transports the solids. If the 
coal is in form of crushed material with a size of approximately 6 mm, it can be 
fed by gravity. The adding of coal in the reactor results in a moisture and volatile 
release. A reaction of volatile and carbon occurs with the steam, the C0 2 and 
remaining 0 2 (if any) to form CO and H 2 . 



Thus at the exit of the reactor 3 there is mainly CO and H 2 to be found together 
with N 2 from the air and trace amounts of C0 2 and H 2 0 in vapor form. Also pres- 
ent are char and ash. The temperature at the exit of the reactor is in the range of 
400-700°C, again depending on the entry temperature of the air due to any pos- 
sible catalytic treatment downstream. 

If limestone is used as a sulfur sorbent in the reactor, CaC0 3 is converted into 
CaO. The sulfur in the coal is converted mainly into H 2 S and in trace quantities 
into COS. Most of the H 2 S and COS react with CaO to form solid CaS. Thus at 
the exit of the reactor, the calcium sorbent is present as CaS and CaO. 

Downstream the reactor a particulate separation device 1 1 is provided. This 
separator could be a cyclone designed to separate the predominant char from 
the remaining components. Since the size of the ash is typically smaller than 
30|.im it will escape the cyclone, while the char, which is greater than 100jim, will 
be retained in the cyclone. This separated char is returned via the supply line 20 
into the reactor, while the remaining components, especially the reduced gas is 
forwarded to a gas cooler 4. 

The reduced gas is supposed to leave the gas cooler 4 with a temperature of 
about 200°C. Downstream the gas cooler a solids filter 5 is provided in the line 
14 to remove from the gas fine ash and char, as well as CaS and CaO that has 
not been separated in the gas cooler 4. This filter is supposed to remove all the 
remaining solids from the gas. 
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A further fan 17 is installed in the gas line 14, preferably on the clean side of the 
filter 5. Its purpose is to control the pressure in the system close to atmospheric 
conditions. 

Depending on the utilization of the gas, a further gas cooler 18 may be provided 
in the gas line 14 downstream the fan 17, if a wet electrostatic participator has 
not been used upstream as a filtering element. To cool the gas down to 30°C, it 
is recommended to use a water spray cooler. 

The filter 5 could be a fabric filter, an electrostatic participator or a wet electro- 
static participator. The use of the latter provides following advantages: beside 
the particulate removal a further cooling of the gas, the removal of ammonia, tar 
and hydrogen cyanide that might have been produced in the reactor 3. 

The further treatment of the solids removed from the filter 5 is a major feature of 
the present invention. 

The gas cooler 4 is a gas/solids heat exchanger and might be constituted of a 
series of cyclones. Therein solids and gas flow in a predominating counter- 
current manner. The minor part of cold solids fed into the gas cooler is taken 
from the exit of the filter 5 via feed line 22. As the size of the solids exiting the 
filter is smaller than 50pm, they have to be size-enlarged in order to enable 
retention within the cyclones. This agglomeration occurs in a pelletizer 6, in 
which pellets having a size of approximately 1-5 mm are produced. The solids 
are introduced in the gas cooler 4, in which they are heated up to about 600°C. 
At the exit of the gas cooler, they are fed into the ash cooler 1 via the heated 
solids line 15a. 

In a preferred embodiment, the major part of cold solids to be fed into the gas 
cooler are solids exiting the ash cooler 1 being recycled unchanged into the gas 
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cooler 4 via 13. This means that only the solids exiting the filter 5 have to be 
pelletized. This is based on the fact, that the size of the solids being cooled 
down in the ash cooler 1 is great enough to be retained in the gas cooler 4 while 
flowing through the series of cyclones. As shown in the drawing, accordingly 
both solids from filter 5 and from ash cooler 1 are separately introduced in the 
gas cooler. Moreover they each cross the gas cooler in a separate path being 
each heated up therein to about 600°C. The separate paths are maintained as a 
heated solids line 15, 15a throughout the further flow of this solids. 

Due to the permanent adding of coal and sulfur solvent during operation, an 
equivalent amount of solids has to be removed from the system. This occurs 
preferably in a disposal line 19 connected to the exit of the ash cooler 1. 

As described below in an example, the amount of the solids exiting the filter 5 
and flowing through line 15a corresponds approximately to the amount of mate- 
rial to be disposed. Accordingly it is preferable to also keep separated by a parti- 
tion this solids from the main solids flow in line 15 within its travel through the 
ash cooler 1 and to dispose it via the line 19. 

The invention may be illustrated in more detail with reference to a numerical ex- 
ample: it goes without saying that absolute values cannot be specified in con- 
nection with the said numerical values with regard to the dimensioning of the 
involved apparatus and in particular the reactor and the gas cooler, since abso- 
lute values are in any case not meaningful enough on account of their depend- 
ence on all too numerous parameters. The sole determining factor for the design 
is that minimal transfer of heat out of the involved system is realized. 

The amount of injected coal via line 7 be 19.5 kg/sec, the coal having a lower 
heating value of about 25 MJ/Kg and containing about 2.5 kg H 2 0. The amount 
of injected sulfur sorbent, i.e. limestone via line 8 be 3 kg/sec. Via a fan 16, 
about 45 kg/sec of air are sucked in the system. Water in the amount of 5 kg/sec 
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js added at the cold side of the ash cooler via water supply 10. All these compo- 
nents are introduced under ambient conditions. 

The amount of circulated inert solids through the gas cooler 4 and the ash cooler 
1 via path 13, 15 is about 75 kg/sec. The amount of solids captured at the exit of 
filter 5, pelletized and transported through the gas cooler and the ash cooler in 
an own path 15a and disposed via the line 19 is about 5.5 kg/sec. It is assumed 
that 0.5 kg/sec of this solids are burned out during oxidation in the ash cooler 
and flow as a gas into the reactor 3, thus remaining in the cycle. 

As a result the reduced product gas downstream the fan 17 is at an amount of 
about 67.5 kg/sec, the gas having a heat value of 6.7 MJ/kg. A small amount of 
the product gas is kept in the system as a transportation means for the pulver- 
ized coal and sorbent. 

Instead of introducing the whole amount of hydrocarbon into the reactor, in a first 
variant of the invention, a small amount of the hydrocarbon, i.e. coal might be 
injected in a burner located in the ash cooler. This feature allows a temperature 
control within the ash cooler. 

In a second variant, the sorbent, i.e. limestone or dolomite might be injected into 
the ash cooler instead into the reactor 3. If this sorbent is pulverized, the size 
must be fine enough to be entrained by the air stream. Again CaC0 3 is con- 
verted into CaO; a small portion of unreacted CaO forms CaS0 4 with S0 2 in the 
ash cooler. This feature allows calcining the sorbent and providing a longer resi- 
dence time for CaO inside the downstream reactor 3, which improves the sulfur 
capture. 



In a further variant, the air/steam mixture as well as the coal might be introduced 
into the reactor at several different locations, which allows a better temperature 
control inside the reactor and a still higher conversion efficiency. 
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Of course, the invention is not restricted to the plant shown and described. The 
invention can be used irrespective of the type and design of the reactor. This 
reactor could be as well an apparatus with entrained flow, if a pulverized fuel is 
used or with fluidized bed, if crushed fuel is used. Instead of cyclones, separat- 
ing apparatus with moving bed could be used as well. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that, 
within the scope of the appended claims, the invention may be practiced other- 
wise than as specifically described herein. 
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Claims 



1 . A method of producing a clean gas from hydrocarbons, comprising 

the steps of 

- in a reaction zone mixing hot air and steam with carbonaceous 
residue whereby carbon reacts with oxygen to form C0 2 and CO 
under heat release, adding hydrocarbon to release moisture and 
volatile and to have reacted volatile and carbon to CO and H 2( the 
sulfur of the hydrocarbon being mainly converted into H 2 S, adding a 
sulfur sorbent being converted into CaO, which CaO reacts with H 2 S 
and COS to solid CaS, 

- at the exit of the reaction zone separating at least the predominant 
of the carbonaceous residue from the fluid and returning it to the 
reaction zone, 

- feeding the gas into a gas cooler, in which it is cooled preferably in 
countercurrent by cold solids, the solids consisting on one hand of 
ash being cooled with the air prior to the air entering into the reaction 
zone and on the other hand of ash and carbonaceous residue filtered 
out of the reduced gas downstream the gas cooler, the latter solids 
being size-enlarged prior to their entering the gas cooler . 

2. A method according to claim 1 , characterized in that the hydrocarbon 

and the sulfur sorbent are commonly injected into the reaction zone. 



3. 



A method according to claim 2, characterized in that the hydrocarbon 
and the sulfur sorbent are pulverized and are transported by means of 
the produced reduced gas. 
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4. a method according to claim 1 , characterized in that steam is pro- 
duced by introducing water into a heat exchanging zone upstream the 
reaction zone, where the water evaporates in the air stream, the air 
stream being heated by the hot solids exiting the gas cooler and the 
air/steam mixture oxidizing unburned carbon, sulphided sorbent and 
unoxidized gases. . 

5. a method according to claim 4, characterized in that some of the 
hydrocarbon is injected into a burner of the heat-exchanging zone. 

6. A method according to claim 4, characterized in that the sulfur sorb- 
ent is introduced into the heat-exchanging zone. 

7. A method according to claim 1 , characterized in that the air/steam 
mixture as well as the hydrocarbon is fed into the reaction zone in at 
least one location. 

8. A method according to claim 1 , characterized in that the air heat- 
ing/solids cooling, the reaction with hydrocarbon and sulfur sorbent, 
the solids separation, the gas cooling/solids heating and the filtering is 
performed under at least approximately atmospheric pressure. 

9. A method according to claim 1, characterized in that the ash filtered 
out of the reduced gas downstream the gas cooler is disposed after 
having being heated in the gas cooler and cooled in the heat 
exchanging zone upstream the reaction zone. 
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10. A plant for performing the method according to claim 1 comprising 

- a hydrocarbon feed line (7), a sulfur sorbent feed line (8), a hot air 
supply (21) and a carbonaceous residue supply line (20), all con- 
nected to a reactor (3), the exit of the reactor (3) being connected to a 
particulate separation device (11), 

- a gas cooler (4) being connected at it's inlet side via a hot gas line 
(12) to the exit of the particulate separation device (11) and via a cold 
solids line (13, 22) to a solids supply, and being connected at it's out- 
let side via a cold gas line (14) to a solids filter (5) and via a heated 
solids line (15, 15a) to a gas/solids heat exchanger (1), 

- the solids outlets of the filter (5) and of the gas/solids heat exchan- 
ger (1) forming the solids supply to the gas cooler (4). 

11. A plant according to claim 1 0, characterized in that the gas/solids 
heat exchanger (1) comprises an oxidizer (2) at its hot end. 

12. A plant according to claim 10, characterized in that the gas/solids 
heat exchanger (1 ) comprises from it's inlet to it's outlet two solids 
flow paths separated by a partition and being fed each with solids 
from a separate heated solids line (15, 15a). 

13. A plant according to claim 10, characterized in that the gas cooler (4) 
comprises a series of cyclones. 

14. A plant according to claim 10, characterized in that a solids size- 
enlarging apparatus (7) is provided in the feed line (22) between the 
solids outlet of the filter (5) and the inlet of the gas cooler (4). 
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1 5. A plant according to claim 1 0, characterized in that pressure control in 

the system is performed by a fan (17) installed in the cold gas line 
(14) downstream the filter (5). 



16. 



A plant according to claim 10, characterized in that the filter (5) is a 
wet electrostatic participator. 
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